ABSTRACT
BILINGUALISM AND L2 PROFICIENCY
The ability to use spoken language to communicate with one another is a unique, inherent human characteristic that infants acquire without much effort. The additional ability to speak more than one language, i.e. bilingualism, because of contact with other communities, immigration and trade has been reported since antique times dating back to the Sumerians (Woods, 2006) . In this respect, a widely accepted definition of bilingualism is 'both regular use and communicative competence' in L1 (first language, native language, mother tongue) and L2 (second language) (Francis, 1999, p. 194) . This very human behaviour has attracted much attention from philosophers to physicians throughout history and from psychologists in modern times.
From an evolutionary perspective, bilingualism can be perceived as a complex and a multifaceted process that involves the interaction of cultures, expression of social experience, and history of a particular people as well as the mechanism of interaction of languages (Roberts, 2013) . Bilingualism makes contact with others possible, provides socialisation, forms tolerant attitude towards other cultures while it enhances cognitive abilities. At the same time, it is a prerequisite for the formation and perception of ethnic and social identity (Shi, 2007) .
One aspect that has preoccupied researchers in the area of bilingual studies is the difficulties faced by a comprehensive classification of bilingualism that accurately defines an individual's skills in different modalities such as literacy and speech, performance and proficiency on the two languages they speak. The most common perception of a bilingual is someone who is almost equally fluent in two languages or at least proficient enough in their L2.
Various classification systems have been offered to explain the variation in fluency, competence, and order of acquisition for bilingual language use. For example, the degree of knowledge of languages has been labelled as either subordinate (when a bilingual speaks one language better than the other) and coordinate (or "pure", when a person speaks two languages in equal measure) (Grosjean, 1997) . In addition, bilingualism has been described according to frequency of usage as either active (where both languages are used on a regular basis) and passive (the frequency of the use of one language dominates the other).
Russian (L1)-English (L2) bilingual storage or processing. Monolingual Russian speakers and bilingual Russian (L1)-English (L2) speaking university students were asked to name target words under related or unrelated conditions. The results show that the magnitude of the semantic priming effect was determined by L2 proficiency. The implications for these findings is discussed within the current bilingual theoretical models.
The degree of proficiency of the second language has also been used to classify bilinguals as receptive, reproductive, or productive where receptive bilingualism is defined as the ability to understand the subject of a non-native language (L2). Reproductive bilingualism involves the ability to competently reproduce spoken language in L2 and productive bilingualism is the ability to competently express thoughts and speech in L1 and L2 (Grosjean, 1997) .
According to Bialystok and Hakuta (1994) , a further definition of bilingualism depends on when L2 was acquired in relation to L1 leading to: 1) Simultaneous bilingualism when L1 and L2 were acquired in the same time (from speaking no languages directly to speaking two languages); 2) Early sequential bilingualism -L2 was learnt later than L1 in early childhood which represents a growing group of speakers worldwide; 3) Late bilingualism -L2 was acquired in adolescence or later.
One further aspect of bilingualism that has preoccupied researchers is the proficiency with which a bilingual speaks their second language (L2). This is because L2 proficiency could range from very basic communication to L1 level fluency; hence, it is a very important and an equally difficult factor to control for in bilingual studies. Additionally, bilingualism can be classified by levels of proficiency on production and reception (Bialystock, 2001) . Productive bilinguals can speak and understand L2. Receptive bilinguals can understand both languages, but their abilities to produce L2 are limited.
A main objective of the current research is to understand lexico-semantic processes in bilingual Russian (L1) -English (L2) speakers in view of their L2 proficiency by using an objective measure; namely, the Schonell Reading Test (Schonell, 1971) . However, it is difficult to find clear types of bilinguals, but rather a combination of types, which depends on particular features of language acquisition. In this respect, Grosjean (1997) considers that the bilingual mind is not a simple combination of two monolingual language systems, but a unique communication system that can use both languages or switch from one language to another depending on the subject and situation, and that bilinguals differ from monolinguals in terms of language reception and production. L2 proficiency therefore ought to be a central tenet in any psycholinguistic theoretical perspective that attempts to explain bilingual language processing.
The ability of the human cognitive system to store and organise language, and knowledge about words (phonological, semantic and orthographic representations) and to be able to retrieve those representations require multifaceted, interlinked, and complex mental processes. In the case of bilingualism, these processes are assumed to be even more complex as they are required to be executed for two languages. Of particular interest are two key questions raised within the bilingual literature context and related to the current chapter:
1. How the two languages of a bilingual are organised or stored; that is, whether each language is stored in one or more locations in bilingual memory 2. How the two languages are processed (i.e., what mental capacities are required to process each language)
Models of Bilingual Language Processing
A critical question that was raised in this respect during the 1980s was whether the two languages of a bilingual were stored in one or two memory stores. According to the separate store model , two separate lexicons for each language exist while according to the common store model (Paivio, Clark, & Lambert, 1988) , only one memory store exists for both languages. Kroll and Stewart's (1994) Revised Hierarchical Model (RHM) integrated both accounts; that is, word association and concept mediation models, and proposed that both L1 and L2 words share conceptual representations (one store) as opposed to the word association model by who suggest that L1 and L2 have separate representations for words (two stores) one for each language. The RHM was primarily developed to explain the discrepancy in backward/ forward translation findings in late bilinguals taking proficiency into account (Kroll & Stewart, 1994) . When bilingual speakers translate words from L1 to L2 (forward translation) they are assumed to use conceptual mediation via direct access to the word meaning. While translating backwards from L2 to L1, one must have access to the word meaning via lexical representations, which is by word association. Backward translation is usually faster than forward translation (e.g., Kroll & Stewart, 1994; Sholl, Sankaranarayanan, & Kroll, 1995) .
A further assumption is that there is a large overlap in meaning between words in L1 and L2, especially in concrete words as they share more features compared to abstract words. Meanwhile, language-specific words and abstract words are not assumed to share representations in the bilingual mind. The more features in common L1 and L2 have, the easier the translation (Brysbaert et al., 2014) . Schoonbaert, Duyck, Brysbaert, and Hartsuiker (2009) assumed that semantic priming can be understood by observing the overlaps L1 and L2 have in forward and backward translation.
The aim of the current research was to place the assumptions of the RHM in relation to lexical and conceptual links to the test an application to language processing in monolingual and Russian (L1) -English (L2) bilinguals.
Methods of Investigation
Historically, the bilingual version of the Stroop test attracted attention from early researchers when the focus shifted from case studies to experimental paradigms, (e.g., Preston & Lambert, 1969) . In the traditional Stroop test (1935, Experiment 1) participants were asked to read words in black versus incongruent colour (e.g., GREEN printed in red ink as GREEN), and the participant is required to ignore reading the word out as 'green' and name the colour of the ink as 'red'. The aim was to examine the interference of activation of nontarget information on the target and a highly significant interference from incongruent words in naming colours supported this.
Variations of the Stroop task became popular to investigate the semantic relationship between bilingual's first (L1) and second language (L2) (e.g., Bril & Green, 2013; Marian et al., 2013; Roelofs, 2009; Rosselli et al., 2002; Sumiya & Healy, 2004) . It is important to note the level of language proficiency can significantly influence interference. For instance, with proficient bilinguals language interference was greater in within-language colour naming than in between-language (e.g., Chen & Ho, 1986; Preston & Lambert, 1969; Dyer, 1971; Tzelgov et al., 1990) .
Overall, between-language Stroop task has become a popular method to evaluate selective lexical processing when both L1 and L2 are activated simultaneously regardless language situation. However, one can argue that language interference measured by Stroop test alone is an artificial effect, when, under natural circumstances (reading) between-language interference may not happen (see MacLeod, 1991 , for a review).
The lexical decision task in which participants are presented with a string of letters (words or nonwords) displayed on the computer screen and they must decide whether the letter string is a word or nonword by pressing a key is also widely used in bilingual research. Reaction time and the number of errors are measured. Evidence from lexical decision tasks with bilinguals also suggest that bilinguals activate words from both of their languages when making lexical decisions (DeGroot, Delmaar, & Lupker, 2000; Dijkstra, Van Jaarsveld & Ten Brinke, 1998) .
However, in a study with English-Spanish bilinguals, Scarborough, Gerard and Cortese (1984) reported that the participants rejected English words as quickly as nonwords derived from English words (e.g., edan) and both were rejected more quickly than nonwords derived from Spanish. It was concluded that the participants only activated the target language. One criticism of the lexical decision task is that the reading process cannot be simplified to the by the choice between words and nonwords and hence this task is not fully reflects the reading process (Seidenberg & McClelland, 1989) .
Another popular research method is the naming task which assumed to better reflect the natural reading. Naming tasks attempt to identify processes used in generating sound (phonology) from print (orthography), therefore directly activating orthographic (spelling), phonological (sound) and semantic (meaning) representations in the lexicon (Coltheart, 1978; Morton, 1969) . One interesting research question in naming tasks is whether bilinguals activate phonological representations in the nontarget language during word naming.
In order to address this question, Jared and Kroll (2001) tested English-French and French-English bilinguals. Findings showed that phonological representations were simultaneously activated in both languages. However, this was dependent on several factors as follows: a) whether bilinguals were naming words in their dominant or less dominant language b) participants' fluency and c) experience with French d) whether English target words were named before or after the French distracters words (Jared & Kroll, 2001) .
During the 1970s and 1980's, there was a surge of research that aimed to identify cognitive processes involved in semantic priming in order to establish a theoretical understanding of this robust phenomenon using different experimental paradigms such as lexical decision and naming tasks. In the classic semantic priming task, participants are presented with either semantically related word pairs (e.g., DOCTOR-NURSE) or unrelated pairs (e.g., DOCTOR-BUTTER), typically comprised of a prime-target and asked to name or make a word/non-word judgement of the second word (target) as quickly as possible.
A reliable finding is that naming or making judgments on the target word is faster and more accurate when the prime is related (DOCTOR-NURSE) than unrelated (DOCTOR-BUTTER). This phenomenon is called semantic priming (Meyer & Schvaneveldt, 1971) . Semantic priming was of special interest because it provides an opportunity to manipulate the semantic associations between words in order to address two key questions that dominate bilingual research: i) how the two languages of a bilingual are organised or stored; that is, whether each language is stored in one or more locations in bilingual memory and ii) how the two languages are processed (i.e. what mental capacities are required to process each language).
The model of spreading activation is useful in explaining semantic priming. that is, the faster and more accurate retrieval of information (i.e., the target), from memory if related information (i.e., the prime, has been presented a short time before). According to Neely and Kahan (2001) , spreading activation principle assumes that words in a given network are activated automatically; that is, the process is fast, occurs without intention, is involuntary, and can occur without conscious awareness. This is because semantically related concepts are assumed to form stronger links or may be stored closer together than those concepts that are unrelated (Neely, 1991) .
When one node is activated, activation spreads along the network to other concept nodes that are located nearby. The semantic-priming effect is argued to arise because the activation of a semantically related prime word leads to shorter response times to the target word, since the distance between related a prime-target pair (e.g., drinktaste) is shorter than an unrelated prime-target pair (e.g. drink-swallow).
Monolingual studies under different semantic priming manipulations have shown a robust effect (for reviews, see McNamara & Holbrook, 2003; Neely, 1991) , yet between-language semantic experiments show ambivalent results (see for a review). Proficiency in L2 has been considered an extraneous variable which influences the outcome of bilingual research on semantic priming. The general assumption is that bilinguals who are proficient in both languages would show a larger semantic priming effect than those who are not .
For the purpose of this research, semantic priming was employed in a series of monolingual Russian and bilingual Russian (L1) -English (L2) experiments. The semantic in semantic priming means that priming is caused by true relations of the meaning. Hence, the particular interest induces the exploration of semantic effects in a bilingual context. Semantic priming is traditionally the most common type of priming in psycholinguistic experiments, particularly in word naming tasks (Harley, 2013) .
Russian Orthography and Psycholinguistic Research
Modern Russian is a widely spoken East Slavic language which belongs to the Indo-European family of languages. Estimates of the number of people who speak Russian as either a first or second language vary from 285 million speakers (Weber, 1997) to 455 million (Crystal, 2008) . Russian is one of the six official languages of the United Nations.
The modern Russian alphabet is based on the Cyrillic alphabet and consists of 33 letters; 21 consonants, 10 vowels, and two silent letters (Iliev, 2013) . Details of the alphabet together with letters, their names and approximate sounds in English are reported below in Table 1 . The relationship between the letters of the alphabet and pronunciation in modern Russian is not phonological. Both derivational and inflectional morphologies are extremely rich. Derivation occurs primarily by means of prefixation and suffixation.
Historically there have been several attempts to change the orthography which was originally based on the ancient Greek alphabet where the aim was to translate religious Greek texts into the Slavic language. By the order of the Byzantine Emperor Michael III at around 863 AD, brothers Cyril and Methodius from Thessaloniki created a new script called Glagolitic that originally contained 24 letters of Greek (Iliev, 2013) . Thus, the modern Russian alphabet is derived from the Old Slavic Cyrillic alphabet, which was borrowed from the Bulgarian Cyrillic and became widespread in ancient Russia. At that time, Russian alphabet consisted of 43 letters. Later, four new letters were added, and 14 letters were at different times excluded as unnecessary (Barhudarov & Dosicheva, 1940; Iliev, 2013) . According to Kerek and Niemi, (2009a) the structure of the Russian orthography is complicated by exceptions and hierarchy of system of rules. The complexity of the language lies in its morphology. One of the main features of the grammatical structure of the Russian language is a mandatory change in the form of words according to the gender, number and other factors, and in the formation of phrases and sentences these words has to be coordinated accordingly. The primary means of producing synthetic forms of words in the Russian language is the ending. Endings are formed by means of the form of nouns, adjectives, numerals, pronouns. In most cases, the endings turn out to be syncretic; that is expressing more than one grammatical meaning.
Despite the complex orthography, Russia had one of the highest levels of adult literacy in the world in 2009 (Huebler & Lu, 2013) . There are a number of features of Russian orthography and morphology that affect the process of literacy acquisition (Cubberley, 2002; Kornev, Rakhlin, & Grigorenko, 2010) . This is partly attributed to the Russian letter-sound correspondences which involve a small number of contextdependent rules which can be difficult for beginner readers.
For example, the two auxiliary signs, the "soft" and "hard" signs which make the letters in words to be read in the different ways depend on the position of "soft" and "hard" signs in the word.
Moreover, a number of words contain the "jotated vowels" е (je), я (ja), ю (ju), and ё (jo). These vowels [j] correspond with other letters ([e] , [a] , [u] and [o] respectively) after the consonants and can change palatalization of consonants and the quality of the vowel. Russian approach to reading pedagogy helps accommodate these complexities with syllable-based approach to reading (Kornev, 1995 (Kornev, , 2003 Egorov, 2006) . Russian orthography is reported to be more phonemic in comparison to English (Grigorenko, 2012) and is morphologically very complex. Phonetic modifications, consonants and a number of irregularities prevent readers to perceive a morpheme as a distinct unit (Kerek & Niemi, 2009b) .
Diversity of languages provides a platform from which their properties and characteristics of specific features can be examined in bilingual research. This has led to a large body of research in different language pairs (e.g., Italian (L1) -English (L2), (Tabossi and Laghi, 1992) ; Russian (L1) -English (L2), (Abu-Rabia, 2001 ); Spanish (L1) -English (L2), (Rosselli, Ardila, Santisi, Arecco, Salvatierra, & Conde, 2002) ; Greek (L1) -French (L2), (Voga & Grainger, 2007) ; Greek (L1) -English (L2), (Niolaki, Masterson, & Terzopoulos, 2014) .
The Russian language is one of the most widely used languages, but research based on the study of the Russian language is relatively small (Kerek & Niemi, 2009b) . Language features that combine the complexity and regularity is what makes the Russian writing system important for between-language research, particularly with English as there are shared features between Russian (Cyrillic and Roman) and English (Roman) orthographies. As can be seen in Table 2 , Modern Russian alphabet is a mixture of Cyrillic and Roman orthographies and consist of 33 letters: six letters are orthographically and phonologically shared with the English (Roman) writing system; seven letters are orthographically shared, but phonologically unique; a total of 14 letters are orthographically unique, but phonologically shared, and six Cyrillic letters are orthographically and phonologically unique.
The increased world-wide use of Russian along with the wave of immigration of the Russian-speaking population in the last 20 years makes it essential to understand the processes of being a Russian (L1) -English (L2) bilingual speaker. One of the few psycholinguistic studies on Russian bilingual language processing is reported by Abu-Rabia (2001) where the relationship between Russian and English orthographies was tested. Participants were bilingual Russian (L1) -English (L2) speakers. They were tested on working memory, spelling, visual and phonological conditions, orthographic skills, word attack and word identification. Orthographic skills showed correlation within-languages, but not between-languages. Additionally, phonological and spelling skills in Russian (L1) seem to be predictors of word identification in English (L2).
In another study, Brill and Green (2011) recruited bilingual English (L1) -Russian (L2) speakers to test whether in a Stroop test bilingual speakers ignore one language when they switch to the other language. English (L1) speakers who formally studied Russian as L2 were presented with a within-language English Stroop test and a between-language Russian Stroop test. The results showed a bigger interference effect for English (L1) than for Russian (L2), while bilingual speakers demonstrated equally large interference effect for both English (L1) and Russian (L2). These results were taken as evidence to support the assumption that bilinguals access both their languages simultaneously.
Recent developments saw the emergence of the first normative data in Russian. Tsaparina, Bonin and Meot (2011) used the colour version of the Snodgrass and Vanderwart (1980) pictures (Rossion & Pourtois, 2004) . This set of pictures has been normed and used for research in different languages, such as Turkish (Raman, Raman, & Mertan, 2014) , Spanish (Sanfeliù & Fernandez, 1996) , British English (Barry, Morrison, & Ellis, 1997) , French (Alario & Ferrand, 1999) , Icelandic (Pind, Jónsdóttir, Tryggvadóttir, & Jónsson, 2000) , Italian (Nisi, Longoni, & Snodgrass, 2000) , Japanese (Nishimoto, et al., 2005) , Chinese (Weekes et al., 2007) , and Modern Greek (Dimitropoulou et al., 2009) , and others.
The colour version was successfully used in a number of psycholinguistic studies: picture-naming study in Chinese (Weekes et al., 2007) ; picture naming in English (Therriault, Yaxley, & Zwaan, 2009) ; norms for name agreement, AoA, and visual complexity were collected in Modern Greek (Dimitropoulou et al., 2009 ) and in a free-recall task in Turkish (Raman et al., under review) . Tsaparina and colleagues (2011) reported norms for name agreement, image agreement, conceptual familiarity, imageability, and age of acquisition in Russian. The role of AoA on monolingual Russian and bilingual Russian (L1) -English (L2) free-recall were also recently reported (Volkovyskaya, Raman and Baluch, under review) .
Current Study
Given the general lack of literature on lexico-semantic processes in Russian speakers, the attention first turned to monolingual Russian speakers in order to gather evidence and to establish a theoretical framework of lexico-semantic processes in Russian.
Experiment 1

Design
In a repeated measures design, monolingual Russian participants were required to name target words under related and unrelated prime-target experimental conditions. The naming RTs (ms) and errors were recorded.
Participants
A total of 20 adult, monolingual Russian speaking students from St. Petersburg State Paediatric Medical University in St. Petersburg, Russia took part in Experiment 1. All the participants were monolingual Russian speakers with normal or corrected to normal vision.
Materials
Care was taken to use only very common or frequent words because a variation in word frequency has been reported to influence the semantic priming outcomes (see Lemhöfer et al., 2008 for a review); therefore, word frequencies were taken from the Word Frequencies Dictionary of modern Russian language which was based on a collection of texts of the Russian National Corpus, representing the modern Russian language for the period of 1950 -2007 (Lyashevskaya & Sharov, 2009 
Procedure
A practice trial of four primes and four targets were run to familiarize participants with the procedure and the equipment. The participants were tested one at a time in a quiet laboratory at St. Petersburg State Paediatric Medical University and were seated approximately 60 centimeters from a computer screen and instructed to name the target words as quickly and as accurately as possible.
SuperLab experiment generator was used to present the stimuli and to record naming RTs via an SV-voicebox. First, a fixation point was presented on the computer for 500ms, followed by a 250ms blank, and then by the prime word in black font size 18 against white background in the middle of the screen for the next 500ms. The target followed the prime on the screen and disappeared after a response was made or after a 1000ms deadline to respond before the next trial began.
If participants did not name the target within the deadline, this was recorded as NR (no response). Finally, the related and unrelated conditions were counterbalanced to prevent order effects. The participants' number of errors was recorded by the experimenter.
Results
Data were analysed using descriptive statistics (see Table 2 ) and a repeated measures t-test. The SD values similar indicating homogeneity of variance. A difference of 25ms between related and unrelated conditions was found to be statistically significant. The results showed a significant semantic priming effect for monolingual Russian speakers, t(19) = 2.6, p<0.01. The error rates were less than 1% and therefore were not entered into analyses. Magnitude of semantic priming 25
Interim Discussion
The aim of Experiment 1 was to establish the existence of semantic priming effects in native Russian speakers in a naming task. As can be seen from the results reported above, a significant semantic priming effect is reported here for the first time in Russian adds to the body of literature in different languages. This was predicted by automatic spread of semantic network activation (Collins & Quillian, 1969) hypothesis and is taken to further support the universality of this phenomenon in the human mind irrespective of language. Armed with this result, the focus turns to Experiments 2 and 3 in an attempt to examine within-language semantic priming in Russian (L1) -English (L2) bilinguals. This query is in line with the current trends in bilingual research as discussed under discussion.
Experiment 2
Method Experiment 2 was a replication of Experiment 1 in which 20 bilingual Russian (L1) -English (L2) speaking university students were recruited from Middlesex University, London, in the United Kingdom. The participants were required to respond to the same stimuli as in Experiment 1 in Russian (L1) and were tested one at the time in a laboratory setting at Middlesex University using SupeLab software. Naming RTs and errors were recoded the same way. None of participants were enrolled in the English-as-a-Second-Language program or in intensive English courses.
Three possible outcomes were predicted: i) semantic priming effect will be the same for monolingual Russian (L1) and Russian (L1)-English (L2) bilinguals; ii) semantic priming effect will be smaller for Russian (L1)-English (L2) bilinguals compared to monolingual Russian (L1); and iii) semantic priming effect will be larger for Russian (L1)-English (L2) bilinguals compared to monolingual Russian (L1).
It therefore follows that if i) the size of semantic priming effect is the same for monolingual Russian (L1) and bilingual Russian (L1)-English (L2) speakers, it will be taken to indicate that having semantic networks (Collins & Quillian, 1969) in two different languages does not influence spreading activation (Collins & Loftus, 1975 ). If ii), then it will be assumed that nontarget language L2 is activated which has a negative influence on the semantic priming effect in the target language L1. If iii), this will be taken to indicate that although nontarget language L2 is activated, it has a positive or facilitatory effect on L1 semantic priming effect.
Evidence for (i) would support a two-store model where L1 and L2 are stored in semantic networks independent of each other (e.g., . Evidence for (ii) and (iii) will be taken to indicate a common store (Paivio et al., 1988) as depicted in the RHM by Kroll and Stewart (1994) , one memory store for concepts for both languages.
A major methodological and theoretical consideration in Experiment 2, is therefore the measure of objective proficiency of the Russian (L1)-English (L2) bilinguals in their L2 (e.g., in English), using the Schonell reading test (1971) . As discussed previously, according to the RHM direct access to meaning in L2 strengthens with proficiency. Therefore, the more proficient a bilingual is the more reliant they become on their direct L2 conceptual link for accessing meaning according to the RHM (Kroll & Stewart, 1994) .
A highly proficient bilingual would therefore show comparable semantic priming effects in both L1 and L2, whereas a less proficient bilingual would show a smaller or null effect for semantic priming in L2. The procedure was the same as in Experiment 1 with the addition of the English (L2) language proficiency test using the Schonell Reading Test in English (Schonell, 1971) .
The present study took objective proficiency measures into account for the first time to ascertain fluency in the two languages of the participants. Participants were asked to read words given in the test paper from left to right, from top to bottom as accurate as possible. If participants had difficulties with a pronunciation of a particular word he or she was asked to sound it out anyway. When participants were not able to say the word they were asked to go on to the next one. One mark was given for the each word correctly pronounced, even if the reader self-corrected.
The researcher did not correct participants and did not suggest a pronunciation. The number of errors was measured and the test was stopped if eight consecutive errors are made. This test had no time limit. The number of correct words and errors were compared with a normative table given in the test. Those participants who read correctly 75% of the words and above were taken to be proficient enough in English (L2). It is important to note that all the participants who took part in Experiment 2 were proficient in their L2.
Results
Data were analysed using descriptive statistics as can be seen in Table 3 and a repeated measures t-test which showed a statistically significant priming effect, i.e. statistically significant difference between related and unrelated target words in Russian (L1) for bilingual Russian (L1) -English (L2) speakers, t(19)=4.04 p<0.001. Error rates were less than 1% and therefore were not the subject of analyses.
The naming RTs from Experiments 1 and 2 were further analysed using a t-test as the descriptive statistics showed a large difference between monolingual (25ms) and bilingual (50ms) semantic priming effects in Russian (L1). The results confirmed that this difference was statistically significant t (19) =2.2, p<0.04.
Interim Discussion
The findings in Experiment 2 show a magnified semantic priming effect for bilingual Russian (L1) -English (L2) speakers compared to monolingual Russian speakers and are taken to indicate that semantic activation occurs automatically where activation of both L1 and L2 in bilinguals increases the priming effect. Furthermore, this effect can only come about if the two languages are activated from a single store . It is also important to note that monolingual RTs to experimental conditions in Experiment 1 were notably faster to those in Experiment 2 although in both experiments participants responded to L1 prime-L1 target conditions.
Experiment 3
The aim of Experiment 3 is to examine semantic priming in English (L2) in Russian (L1) -English (L2) bilinguals.
Method
The experimental conditions were within-language in English (L2); that is, related and unrelated prime-target pairs were presented in English (L2) (e.g., doctor-cat and dog-nurse, respectively.) Naming RTs to target words were recorded together with errors.
Participants
The same Russian (L1) -English (L2) bilingual participants from Experiment 2 were recruited for the purpose of this experiment.
Materials and Procedure
A total of 42 trials were presented in English using SuperLab; 21 semantically related pairs (doctor-nurse, dog-cat); 21 unrelated pairs were formed by re-pairing the stimuli in the related cases (e.g., doctor-cat, dog-nurse). Word frequencies in English were taken from the Celex Lexical Database (Baayen, Piepenbrock, & Van Rijn, 1993) using the combined written and spoken frequency measures of the word. The procedure was the same as in Experiment 2.
Results
As can be seen from Table 4 , a difference of 46ms is observed between related and unrelated prime-targets when participants name targets in English (L2). Formal analysis of data showed a significant semantic priming effect [t(19)=2.7, p<0.01] in English (L2) for bilingual Russian (L1) -English (L2) speakers. Error rates were recorded but were too small for analyses (less than 1%).
Combined Analyses for Experiments 2 and 3 and Interim Discussion
Data from Experiments 2 and 3 were collapsed for analyses in order to examine the issue of storage in the bilingual memory. As highlighted previously, proficiency of bilinguals has been reported to influence the outcome of semantic priming effects (Kroll & Stewart, 1994) . The Schonell Reading Test (1971) was employed to the Russian (L1) -English (L2) bilingual participants who took part in both Experiments 2 and 3. It was found that proficiency in English (L2) had a significant positive correlation with the magnitude of the semantic priming effect in Russian (L1) only, r(20)=.57 p< 0.009. The correlation between proficiency in L2 and semantic priming in L2 was nonsignificant (p>0.05).
As can be seen in Figure 1 , despite showing a parallel and comparable semantic priming effect size in Russian (L1) and English (L2), Russian (L1) -English (L2) bilinguals are nevertheless slower in naming RTs in their second language English (L2) than their native language, Russian (L1). Moreover, a significant correlation was reported between proficiency in English (L2) and semantic priming effect size only in Russian (L1). This is taken as an indication of a) shared store for the two languages and b) the spreading activation where L1 and L2 are simultaneously and automatically activated thus benefiting the already strong links between L1 and their concepts according to the RHM (Kroll & Stewart, 1994) .
In conclusion, the current set of experiments reported here provide evidence to support the claims of the bilingual RHM in that within-language effects were found for Russian (L1) -English (L2) bilingual participants in both their languages. Most importantly, the magnitude of the priming effect was found to be affected by proficiency in L2 indicating that the two languages are interconnected and affect each other's processes and activation. This is in line with current findings from other languages (for an overview see Lemhofer et al., 2008) . It thus follows that if each of the bilinguals' languages were stored independent of each other none of these effects would have been reported.
The RHM (Kroll & Stewart, 1994 ) not only addresses the issue of organisation and storage of two representational systems, but it also takes into account the
Figure 1. Naming RTs under related and unrelated conditions for Russian (L1) -English (L2) bilinguals in Experiments 2 and 3
proficiency of the second language (L2). This is an important factor as discussed in detail because it has implications on both the organisation and the processing of the two languages. An important note here is that all Russian (L1) -English (L2) bilingual participants recruited for Experiments 2 and 3 scored a high level of proficiency on the Schonell Reading test (1974) although they did not start learning English (L2) until nine years of age on average.
The magnitude of the semantic priming effect in Experiment 1 for monolinguals was smaller (25ms) compared to within-language (L1-L1) in Experiment 2 (50ms) and (L2-L2) in Experiment 3 (46ms). Based on the predictions above, these findings are in strong support of position (iii); namely, one memory store for concepts for both languages as depicted in the RHM by Kroll and Stewart (1994) . The significant priming effect in English (L2) was also significantly associated with L2 proficiency confirming its contribution to the activation of semantic networks in bilingual memory.
With a careful consideration of the quite extensive literature on the topic of lexico-semantic processing, this study focused on examining how evidence from monolingual Russian speakers and bilingual Russian (L1) -English (L2) speakers could inform theories of visual word recognition and lexico-semantic organisation. However, given the absence of comparable studies conducted in Russian monolinguals and Russian (L1) -English (L2) bilinguals, one of the main challenges was the lack of psycholinguistic theoretical frameworks. The results of the current study have both theoretical and empirical importance which may lead for further research endeavours and practical implications in the area of lexico-semantic processing in monolingual and bilingual normative and clinical Russian speaking population.
In conclusion, semantic priming in naming is a universal phenomenon across the range of languages including Russian. This finding is in line with the predictions of the semantic activation hypothesis and is reported in single word naming in Russian for the first time. Furthermore, the notion that two languages of bilingual speakers are activated automatically via semantic activation was confirmed by finding that the magnitude of semantic priming effect in Russian bilinguals is larger than in monolinguals. Hence, the assumption can be made that bilingualism positively contributes to lexico-semantic processing.
